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Disordered Competitive Recruiter: Fast and FoldableRecognizing that a biologically active protein is not
obligated to possess a unique three-dimensional
structure as a whole or in part and that many
biologically important functions may originate from
the lack of ordered structure in a protein molecule is
changing protein science.1–7 Such structureless func-
tional proteins are known as intrinsically disordered
proteins (IDPs). IDPs are very common in nature8,9
and are often involved in the pathogenesis of various
diseases.10 IDPs are abundantly involved in various
biological processes and play crucial roles in regulat-
ing the functions of their binding partners.7 Here,
disorder-to-order transition induced by an IDP
binding to a speciﬁc partner deﬁnes low-afﬁnity–
high-speciﬁcity signaling interactions.11–13 Functions
of IDPs are complementary to the functional repertoire
of ordered proteins.3–7 Although many IDPs undergo
disorder-to-order transition upon binding,11–14 they
can quite often preserve a signiﬁcant amount of
disorder even in their bound state.13 IDPs can
participate in one-to-many and many-to-one
interactions,3,14 where one intrinsically disordered
region binds to multiple partners, potentially gaining
very different structures in the bound state,14 or
where multiple unrelated IDPs/intrinsically disor-
dered regions bind to one partner.14 Conformational
plasticity confers numerous advantages to intrinsic
disorder-based protein interactions,7 with one of
these advantages being the so-called ‘ﬂy-casting’
mechanism where an IDP has a high interaction
speed due to a large capture radius.15
In this issue of the Journal of Molecular Biology,
Papadakos et al. investigated the molecular mecha-
nisms underlying the successful competition of IDP
with other proteins for binding partners. The
process in question is the interaction of the protein
antibiotic colicin E9 (ColE9) with the Tol–Pal system,
which spans the cell envelope of Gram-negative
bacteria. The biological importance of ColE9's
interaction with the Tol–Pal system is found in its
deadly consequence: ColE9 hijacks the Tol–Pal
system to translocate its cytotoxic endonuclease
(DNase) domain across the outer membrane. Then,
this domain randomly degrades the bacterial ge-
nome, eventually leading to cell death. At the heart0022-2836 © 2012 Elsevier Ltd. Open access under CC BY-NC-ND licenof this mechanism is the competitive interaction of
ColE9 with TolB at a speciﬁc canyon in the TolB β-
propeller domain that overlaps with the binding site
of Pal.16
Since ColE9 is a very effective killer (a single colicin
molecule is believed to be sufﬁcient to kill a cell), this
IDP is able to compete very efﬁciently with ordered
Pal for binding to TolB. Using a series of pre-steady-
state kinetic experiments, Papadakos et al. estab-
lished the kinetic basis for competitive TolB recruit-
ment by the intrinsically disordered ColE9 TolB
binding epitope and showed that the efﬁciency of
this recruitment is strongly Ca2+-dependent and
determined by the combination of rapid binding and
slow dissociation. Another important point is the
notion that the process of TolB–ColE9 TolB binding
epitope complex formation includes both the bind-
ing-induced folding of the intrinsically disordered
ColE and the disruption of nonnative hydrophobic
clusters seen in unbound ColE9,17 a step preceding
epitope association. Therefore, the competitive re-
cruitment of TolB by ColE9 constitutes an intricate
chain of events—disruption of nonnative contacts in
the functionally misfolded18 ColE9, likely in its
complex with TolB; fast but weak binding of the
unfolded ColE9 to the TolB β-propeller tunnel;
structural rearrangement of ColE9 and recruitment
of Ca2+; and locking of ColE9 within the TolB
binding site canyon. Importantly, all these events
occur faster than the extensive conformational
changes happening at the formation of the TolB–
Pal complex. In this way, a lousy but fast binder
(ColE9) wins the race for TolB binding.References
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